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(54) CONVERTER LENS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a teleconverter which is 
attached to the front of a photographing system so as to extend the 
focal distance of an entire photographing system to the longer one and 
where chromatic aberration is compensated. 

SOLUTION: This converter lens is attached to the front on the optical 
axis of a lens system so as to change the focal distance of the entire 
lens system. The converter has two lenses, that is, a 1 st positive lens 
and a 2nd negative lens and at least one diffraction optical element 
surface, and satisfies a condition 1 .25<&verbar;f 1 /f2&verbar<2.5 
assuming that the focal distances of the 1st and the 2nd lenses are f1 
and f2, respectively. 



LEGAL STATUS 

[Date of request for examination] 
[Date of sending the examiner's decision of rejection] 
[Kind of final disposal of application other than the examiners 
decision of rejection or application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiners decision of rejection] 
[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 

Copyright (C); 1 998,2003 Japan Patent Office 




http://www1 9.ipdl jpo.gojp/PA1 /result/detail/main/wAAAIdaiysDA41 21 71 708... 2004/08/20 



t 

* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] It is the converter lens to which the method of the optical-axis kickback of a lens system is equipped, and the 
focal distance of the whole lens system is changed. The 1st lens forward in this converter, and two lenses of the 2nd 
negative lens, The converter lens characterized by satisfying the conditions which become 1.25<|fWf2|<2.5 when it has at 
least one diffracted-light study component side and the focal distance of this 1st lens and the 2nd lens is respectively set to 
fl and f2. 

[Claim 2] Said diffracted-light study component side is a converter lens according to claim 1 characterized by having a 
configuration symmetrical with rotation to an optical axis. 

[Claim 3] Said diffracted-light study component side is a converter lens according to claim 1 or 2 characterized by having 
forward refractive power. 

[Claim 4] Said diffracted-light study component side is a converter lens according to claim 1 or 2 characterized by being 
prepared in said 1st forward lens. 

[Claim 5] Said diffracted-light study component side is a converter lens according to claim 1 or 2 characterized by being 
prepared in the 2nd negative lens. 

[Claim 6] Said diffracted-light study component side is the converter lens of any 1 term of claims 1-5 characterized by 
consisting of the configuration more than two-layer [ which consists of one layer or the quality of the material from which 
distribution differs mutually ]. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] This invention relates to the suitable converter lens for the v^deo camera which has improved 
chromatic aberration sharply to the conventional converter especially, an electronic "still" camera, a silver salt photographic 
camera, etc. about the converter lens which it equips [ converter lens ] ahead of a lens system and carries out the variation 
rate of the focal distance of the whole lens system to the longer one or the shorter one. 
[0002] 

[Description of the Prior Art] The tele converter lens (tele converter) of the frontal system which it equips [ frontal system ] 
ahead of a taking lens and changes the focal distance of the whole system to a long focal distance side conventionally is 
proposed by JP,55-32046,A. . . 

[0003] In many cases, only the sum of the focal distance of both the lens group separates principal point spacing, and 
arranges two lens groups, the pre-group which has forward refractive power, and the back group which has negative 
refractive power, and the tele converter constitutes the afocal system as the whole system. Therefore, as easiest lens 
system, it can constitute from two lenses, forward and negative refractive power. However, in order to obtain high optical- 
character ability, with the configuration of two lenses, it is difficult on aberration amendment. 

[0004] On the other hand, the proposal which applies a diffracted-light study component to image pick-up optical system is 
made as an approach of controlling generating of chromatic aberration in recent years. For example, in JP.4-213421 ,A, the 
narrow-field telescope which aimed at reduction of chromatic aberration by applying a diffracted-light study component is 
indicated. Moreover, in JP.7-31 1346.A, the zoom telescope which applied the diffracted-light study component side to the 
afocal telescope is indicated. 

[0005] In addition, in JP.6-324262.A. the telephoto lens with which the about [ f number F2.8 J chromatic aberration which 
consisted of a diffracted-light study component with the forward refractive power of at least one sheet, a dioptrics 
component with the forward refractive power of at least one sheet, and a dioptrics component with the negative refractive 
power of at least one sheet was amended comparatively good is indicated. Moreover, a diffracted-light study component and 
a dioptrics component are similarly combined for JP,6-331887,A. and chromatic aberration is indicating the about [ f number 
F2.8 ] telephoto lens amended comparatively good. 

[p^obLmCs) to be Solved by the Invention] Although it is necessary to strengthen the refractive power of each lens group in 
order to miniaturize optical system, gathering an afocal scale factor in a tele converter, it becomes difficult in this case to 
fully amend the aberration generated by each lens group. 

[0007] This invention has two lenses, the 1st lens and the 2nd lens, among these introduces a diffraction optical surface into 
at least one lens side, is compounding a diffracted-light study-operation and the achromatism effectiveness of refractive 
media, and aims at offer of the converter lens which heightened the amendment effectiveness of the chromatic aberration 
especially in near a tele edge. 

[Sews for Solving the Problem] Converter lens of this invention (1-1), it is the converter lens to which the method of the 
optical-axis kickback of a lens system is equipped, and the focal distance of the whole lens system is changed. The 1st lens 
forward in this converter, and two lenses of the 2nd negative lens, When it has at least one diffracted-light study component 
side and the focal distance of this 1st lens and the 2nd lens is respectively set to f1 and f2, it is 1.25<|f1/f2|<2.5. — (1) 
It is characterized by satisfying the becoming conditions. 

[0009] Especially (1-1-1), Said diffracted-light study component side should have a configuration symmetrical with rotation 
to an optical axis. 

(1-1-2) Said diffracted-light study component side should have forward refractive power. 
(1-1-3) Said diffracted-light study component side should be established in said 1st forward lens. 
(1-1-4) Said diffracted-light study component side should be established in the 2nd negative lens. 

(1-1-5) it is characterized by said diffracted-light study component side consisting of the configuration more than two-layer 
[ which consists of one layer or the quality of the material from which distribution differs mutually ] etc. 

[Embodiment of the Invention] Drawing 1 is an important section schematic diagram when equipping the method of the 
optical-axis kickback of a taking lens with the converter lens of the operation gestalt 1 of this invention. In this drawing, a 
converter lens (converter) and M are taking lenses, and C consists of the zoom lens. In addition, taking-lens M may be the 
lens system of a single focal distance. 

[0011] The converter lens C of this operation gestalt is carrying out the optical operation as a tele converter lens to which 
the method of the optical-axis kickback of taking-lens M is equipped, and the variation rate of the focal distance of the 
whole system is carried out to the longer one. The converter lens C has the 1st lens L1 of refractive power forward 
[ convex ] in both the lens side, and the 2nd lens L2 of refractive power negative [ concave ] in both the lens side in order 
[ side / body ]. Taking-lens M has four lens groups of the 4th group M4 of forward refractive power which have the function 
of the both sides of the amendment function which amends the 1st group M1 of the forward refractive power of 
immobilization [ in order ] in the case of variable power and a focus, the 2nd group M2 of negative refractive power which 
has a variable power function, the 3rd group M3 of forward refractive power, and the image surface changed by variable 
power, and a focus function from the body side. SP extracts and FP is [ glass blocks, such as a filter, and IP of a flare 
diaphragm and G ] the image surfaces. 

[0012] Abbreviation etc. spreads and makes principal point spacing of the 1st lens LI and the 2nd lens L2 the sum of the 
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focal distance of the 1st lens L1 and the 2nd lens L2. and. thereby, the converter C of this operation gestalt constitutes the 
abbreviation afocal system as a whole. ■ ♦ 

[0013] With this operation gestalt, by introducing a diffracted-light study component side symmetrical with rotation into at 
least one lens side to an optical axis among the 1st lens or the 2nd lens, when a zoom lens is used especially as a taking 
lens the tele edge has amended effectively the axial overtone aberration generated greatly. 

[0014] With this operation gestalt if such a diffracted-light study component side is used together with a refracting 
interface since the attitude of chromatic aberration to the criteria wavelength which is also the refractive power of a same 
sign is hard flow, by the diffraction side and the refracting interface, the chromatic aberration generated in a refracting 
interface can be amended. Moreover, since such a diffracted-light study component side has big anomalous-scattering 
nature it has usually bigger effectiveness than glass also about amendment of a secondary spectrum. 

[0015] Although chromatic aberration, especially axial overtone aberration generally become large considerably in a tele edge 
when the tele converter has been arranged ahead of the main lens system, in this invention, it is introducing the diffracted 
light study component side which has forward refractive power, and the chromatic aberration especially generated greatly by 
the conventional tele converter is amended effectively. 

[0016] And he is trying for the ratio of the focal distance f1 of the 1st lens and the focal distance f2 of the 2nd lens to 
satisfy the above-mentioned conditional expression (1). Below at the minimum of conditional expression (1). there is no need 
to the extent that the scale factor as a tele converter introduces a diffracted-light study component small, and if an upper 
limit is exceeded conversely, amendment of other aberration, such as spherical aberration, will become difficult. 
[0017] Although this operation gestalt showed the case where it applied to the taking lens of a camera, it does not limit to 
this, and the same effectiveness is acquired even if it uses it for the taking lens of a video camera, the image scanner of a 
business machine, the reader lens of a digital copier, etc. 

[0018] The grid configuration of a diffracted-light study component side will diffract the incident ray in the direction of 
include-angle theta based on Psin theta=m lambda, if P and wavelength are set to lambda and it sets the order of diffraction 
to m for the period. The concrete structure of the grid configuration for acquiring a diffraction operation by the diffracted 
light study component approximates a kino form mold, the binary mold which approximated continuous phase distribution 
stair-like, and very small period structure to a triangular wave configuration, and can apply the constituted serration mold. 
[001 9] The thing of 1 lamination of the kino form configuration of one layer shown in drawingj as a configuration of the 
diffracted-light study component used with this operation gestalt. the thing of the two-layer configuration which carried out 
the laminating of the two layers from which grid thickness as shown in drawing 8 differs (or it is the same), etc. are 

fo020] a Drawing 7 is the wavelength dependence property of the diffraction efficiency of the primary diffracted light of the 
diffracted-light study component 101 shown in drawing 6 . The configuration of the actual diffracted-light study component 
101 applies ultraviolet-rays hardening resin to the front face of a base material 102, and forms the layer 103 of the grid 
thickness d from which the diffraction efficiency of the primary diffracted light becomes 100% on the wavelength of 530nm at 
the resin section. 

[0021] It falls as the diffraction efficiency of a design degree separates from the optimized wavelength of 530nm, and, on the 
other hand the diffraction efficiency of the zero-order diffracted light of the degree near the design degree and the 
secondary diffracted light is increasing so that clearly [ in drawing 7 ]. The increment in the diffracted lights other than the 
design degree serves as the flare, and leads to the fall of the resolution of optical system. 

[0022] The wavelength dependence property of the diffraction efficiency of the primary diffracted light of the diffracted-light 
study component of the laminating mold which carried out the laminating of the two layers 104,105 shown in drawmgj is 
shown in drawing 9 . r . 

[0023] in "drawing 8 , it consists of ultraviolet-rays hardening resin (nd=1.499, nud=54) on a base material 1 02 1 04 L layer / 
1st ] is formed and it consists of another ultraviolet-rays hardening resin (nd=1.598. nud=28) on it — 105 [ layer / 2nd ] is 
formed. In the combination of this quality of the material, the grid thickness d1 of 1 04 is setting the 1 st layer of the grid 
thickness d2 of d1 =1 8.8micrometer and the 2nd layer 105 to d2=10.5micrometer. 

[0024] By making it the diffracted-light study component of a laminated structure so that drawing 9 may show, the 
diffraction efficiency of a design degree has 95% or more of high diffraction efficiency throughout operating wavelength. 
[0025] In addition, not the thing that limits the quality of the material to ultraviolet-rays hardening resin but other plastics 
material etc. can be used as a diffracted-light study component of the above-mentioned laminated structure, and the 1st 
layer 104 may be formed in a direct base material depending on a base material. Moreover, each grid thickness does not 
necessarily need to differ, and as shown in drawing 10 depending on the combination of an ingredient, grid thickness of two 
layers 104 and 105 may be made equal. 

[0026] In this case, since a grid configuration is not formed in the front face of a diffracted-light study component, it can 
excel in protection-against-dust nature, and the assembly-operation nature of a diffracted-light study component can be 

[0027] As mentioned above, with this operation gestalt, the diffracted-light study component of the symmetry of revolution 
is prepared in at least one lens side of the 1st lens and the 2nd lens to an optical axis, the phase is set up appropriately, and 
the chromatic aberration which this generates with the 1st lens and the 2nd lens is reduced. 

[0028] The diffracted-light study component in this operation gestalt is manufactured in binary by the RISOGURAFIKKU 
technique which is the manufacture technique of a holographic optical element (HOE). A diffracted-light study component 
may be manufactured by binary optics (BINARY OPTICS). In this case, in order to gather diffraction efficiency further, you 
may make it the configuration of the shape of a saw called kino form. Moreover, you may manufacture by molding by the 
direction manufactured by these approaches. 

[0029] Moreover, the configuration of the diffracted-light study component in this operation gestalt is C2i about a phase 
multiplier, phi when lambda and distance from an optical axis are set to h and a phase is set to phi (h) for criteria wavelength 
(d line) (h) = 2 It is expressed with the formula of pi/lambda (C2. h2+C4, h4+C6. andh6+ — C2i-h2i). 

[0030] And by changing the above-mentioned phase coefficient C 2. the chromatic aberration over paraxial-refractive power 
and criteria wavelength is controlled. Moreover, the multiplier of the high order term after the phase coefficient C 4 is 
controlling chromatic aberration over criteria wavelength according to change of beam-of-light quantity at the same time it 
acquires the effectiveness which was similar with the aspheric surface in the refractive-power change to change of the 
beam-of-light incidence quantity of a diffracted-light study component side. 

[0031] When the secondary [ about ] focal distance of C22 and the whole system of the 1 st lens is set [ a phase multiplier J 
to ft for C21 and the secondary phase multiplier of the 2nd lens in this invention 1.0 x10-3< sigma|C 21, f12+C22. and f22 
|/ft<2.0x10-2 — (2), 
It is good to consider as 
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[0032] If the minimum of conditional expression is exceeded, amending [ of chromatic aberration ] will become inadequate, if 
an upper limit is exceeded conversely, it will become superfluous and chromatic aberration will get worse on the contrary. 
[0033] A diffracted-light study component side may be established into the 2nd lens like the numerical example 2, and if it 
prepares in both the 1 st and 2 lenses like the numerical example 3. aberration can amend it good further. Moreover, if a 
plastic lens is used like the numerical example 4, lightweight-ization of the whole optical system can be attained. 
[0034] Next, the numerical example of the converter lens of this invention and taking-lens [ equipped with it ] M is shown, a 
numerical example — setting — ri — a body side — order — the i-th lens thickness and air spacing, and ni and nui are the 
radius of curvatures of the i-th lens side, and di is the refractive index and the Abbe number of glass of the i-th lens in order 
from an each body side in a body side. Moreover, the above-mentioned monograph affair type and the relation of a numerical 
example are shown in Table -1. _ # , . 

[0035] The aspheric surface configuration is expressed with the becoming formula, when the travelling direction of a Y-axis 
and light was made forward to the X-axis, the optical axis, and the perpendicular direction in the direction of an optical axis, 
R is made into paraxial radius of curvature and it makes K, B, C, D, E, and F an aspheric surface multiplier respectively. 
Moreover, "D-0X" means "10-X." 
[0036] 
[Equation 1] 

X = — <1/R)H +BH 4 fCH 6 tJH 8 tEH 10 -»FH 12 
lWl-(l+K)(Y/R) Z 

Example 1 1 33 times r 1= 40.871 d 1= 9.50 n 1= 1.51633 nu 1= 64.2 *r 2=-125.482 d 2= 9.53 r 3= -59.831 d 3= 1.80 n 2= 
1 51633 nu 2= 64 2 r 4= 38.376 r 2 Field (diffraction side) C2=-1. 32663x1 0-4 C4=-2.62248x1 0-8 An example 2 1.29 times r 1 = 
41 203 d 1= 9 50n 1= 1 48749 nu 1= 70.2 r 2= -83.303 d 2= 7.97 *r 3= -50.684 d 3= 1.80 n 2= 1.51633 nu 2= 64.2 r 4= 42.850 r 
3 Field (diffraction side) C2=-7.90734x10-5 C4=-7.79424x10-8 An example 3 1.75 times r 1= 38.506 d 1= 12.00 n 1= 1.51633 
nu 1= 64 2 * r 2=-2033.783 d 2= 20.77 *r 3=-103.091 d 3= 1.80 n 2= 1.69680 nu 2= 55.5 r 4= 42.144 r 2 Field (diffraction side) 
C2=-7 83985x10-4 C 4= 2.29230x10-7 r 3 Field (diffraction side) C 2= 1.42721x10-3 C4=-1. 1001 3x1 0-6 An example 4 1.33 
times r 1= 39 458 d 1= 9.50 n 1= 1.49171 nu 1= 57.4 * r 2=-115.271 d 2= 9.52 r 3= -55.654 d 3= 1.80 n 2= 1.49171 nu 2= 57.4 
r 4= 37 122 r 2 Field (diffraction side) C2=-1.50965x10-4C4=-3.1 1922x10-8 Main lens system f= 64.09166 r 1= 48.324 d 1 = 
1 30 n 1= 1 84666 nu 1= 23.8r 2= 25.164 d 2=5.70 n 2= 1.6031 1 nu 2= 60.6 r 3=-210.564 d 3= 0.17 r 4= 21.166 d 4= 3.10 n 
3=1 69680 nu 3= 55 5 r 5= 51.698 d 5= 21.33 r 6= 53.276 d 6= 0.65 n 4= 1.77250 nu 4= 49.6r 7= 5.383 d 7= 2.65 r 8= -12.927 d 
8= 0 60 n 5= 1 69680 nu 5= 55.5 r 9= 12.927 d 9= 0.85 r10= 12.407 d10= 1.55 n 6= 1.84666 nu 6= 23.8 r11= 84.497 d11= 1.30 
r12= (** Li ) d12= 1.20 *r13= 7.654 d13= 3.40 n 7= 1.58313 nu 7= 59.4 * r14= 104.107 d14= 0.20 r15= 10.242 d15= 0.60 n 8= 
1 84666 nu 8= 23 8 r16= 6 539 d16= 1.59 r17= 30.954 d17= 1.60 n 9= 1.51633 nu 9= 64.1 r18= -30.954 d18= 1.70 r19= infinity 
d19= 7.50 r20= 12.613 d20= 2.50 n10= 1.60311 nu10= 60.6 r21=-12.613 d21= 0.50 n11= 1.84666 nu11= 23.8 r22= -33.464 
d22= 300 r23= infinity d23= 3.69 n12= 1.51633 nu12= 64.1 r24= infinity r13 Field (aspheric surface) K=-2.58314 B=-2.58314 
C= 5.75642x10-4 D=-6.74713x10-6 E= 7.18668x10-8 r14 Field (aspheric surface) K= 1.80987x102 B= 7.32779x10-5 C=- 
4.13717x10-6[0037] 
[Table 1] 

m- 1 





(i) 


(2) 




1.333 


5. 589 xlO~ 3 




1.289 


I. 938 xlO" 3 




1.750 


1.253X10" 2 




1.500 


6. 360 xlO" 3 



[0038] 

[Effect of the Invention] According to this invention, as mentioned above, it has two lenses, the 1st lens and the 2nd lens, 
among these a diffraction optical surface can be introduced into at least one lens side, and the converter lens which 
heightened the amendment effectiveness of the chromatic aberration especially in near a tele edge can be attained by 
compounding a diffracted-light study-operation and the achromatism effectiveness of refractive media. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] ..... * . . , 

[Drawing 1j The explanatory view when equipping the method of the optical-axis kickback of a taking lens with the converter 
lens of the numerical example 1 of this invention 

[Drawing 2] The aberration Fig. when equipping the method of the optical-axis kickback of a taking lens with the converter 
lens of the numerical example 1 of this invention 

[Drawing 3] The aberration Fig. when equipping the method of the optical-axis kickback of a taking lens with the converter 
lens of the numerical example 2 of this invention 

[Drawing 4] The aberration Fig. when equipping the method of the optical-axis kickback of a taking lens with the converter 
lens of the numerical example 3 of this invention 

fDrawing 5] The aberration Fig. when equipping the method of the optical-axis kickback of a taking lens with the converter 
lens of the numerical example 4 of this invention 

[Drawing 6] The explanatory view of the diffracted-light study component concerning this invention 

[ Draw ing?] The explanatory view of the wavelength dependence property of the diffracted-light study component 

concerning this invention 

[Drawing 8] The explanatory view of the diffracted-light study component concerning this invention 

[Drawing 9] The explanatory view of the wavelength dependence property of the diffracted-light study component 

concerning this invention 

[Drawing 10] The explanatory view of the diffracted-light study component concerning this invention 

[Description of Notations] 

C Converter lens 

M Taking lens 

LI The 1 st lens 

L2 The 2nd lens 

d d line 

g g line 

deltaS Sagittal image surface 
deltaM Meridional image surface 
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DRAWINGS 
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[Drawing 8] ' 
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[Drawing 9] 



http://www4.ipdljpo.go.jp/cgi-bin/tran_web.cgi_eije 



2004/08/20 



3/3 s<— v 



OJfe 1* 2Jfc 



100.0 
90.0 
80.0 
70.0 
60.0 
50.0 
40.0 
30.0 
20.0 
10.0 
0.0 



n i i i * >■■ i i i i i i 



o o o 

9 8 B 



afcft 



[Drawing.5] 

Fno/2.61 



W= 1.6° 



AM- 



.AS 



<o = 1.6° 



-a .2D 



0.2D -020 



0-20 -5-0D ffilft <*) S.00 -0-05 0 



OS 



[Drawing 10] 
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